Virus 


Mean virus titer (log 10 PFU/g brain) ± SE 
following inoculation at indicated age (days) 
7 14 21 


2A-13 


>6.0 


4.0 ±0.2 


3.1±U.Z 


rDEN4 


>6.0 


3.3 ±0.4 


3.3 ±0.2 


rDEN4A30 


>6.0 


3.6 ±0.2 


2.8 ±0.3 



•Groups of 4 or 5 Swiss Webster mice were inoculated intracerebrally with 10 s PFU virus in 
a 30 ul inoculum. After 5 days, brains were removed, homogenized and titered in Vero cells. 
SE = Standard error. 
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Table 3. Nucleotide and amino acid differences of the 5-FU mutant viruses which are is in 
both Vero and HuH-7 cells. 



Mutations in UTR or coding region that result in Mutations in coding region that do 
an amino acid substitution not result in an amino acid 

Virus substitution 



Nucleotide Gene/ Nucleotide Amino Acid Nucleotide Gene Nucleotide 
position region change change^ position change 



173 a 


7163 
7849 
8872 


NS4B 

NS5 

NSS 


A>C 
A>U 
A>G 


L2354F 
N2583I 
K2924R 


10217 


NSS 


* v. IT 

A>U 


239a 


4995 


NS3 


U>C 


S1632P 


7511 
10070 


NS4B 
NS5 


G> A 
U > c 


473a 


4480 
4995 


NS2B 
NS3 


U>C 
U>C 


V1460A 
S1632P 


7589 
10070 


NS5 
NS5 


G>A 

u>c 


489* 


4995 


NS3 


U>C 


S1632P 


2232 
3737 


E 

NS2A 


u>c 
c>u 


509a 


4266 
8092 


NS2B 
NSS 


A>G 
A>G 


S1389G 
E2664G 


none 






695 


40 
1455 
6106 
7546 


5* UTR 
E 

NS3 
NS4B 


U>C 
G>U 
A>G 
C>U 


n/a 

V452F 

E2002G 

A2482V 


1391 


E 


A>G 


718 


2280 
4059 
4995 
7630 
8281 


E 

NS2A 
NS3 
NS5 
NS5 


U>C 
A>G 
U>C 
A>G 
U>C 


F727L 

I1320V 

S1632P 

K2510R 

L2727S 


none 






759a 


4995 
8020 


NS3 
NS5 


U>C 
A>U 


S1632P 
N2640I 


none 






773a 


4995 


NS3 


U>C 


S1632P 


none 






793 


1776 
2596 
2677 
4387 


E 

NS1 
NS1 
NS2B 


G>A 
G>A 
A>G 
OU 


A559T 
R832K 
D859G 
S1429F 


5771 
7793 


NS3 
NS5 


U>C 
U>A 


816a 


4995 
7174 


NS3 
NS4B 


u>c 

OU 


S1632P 
A2358V 


6632 
6695 


NS4A 
NS4A 


G>A 
G>A 
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Mutations in UTR or coding region that result in Mutations in coding region that do 
an amino acid substitution not result in an amino acid 

Virus substitution 



Nucleotide Gene/ Nucleotide Amino Acid Nucleotide Gene Nucleotide 
position region change change 0 position change 



938« 



3442 
4995 
10275 



NS1 
NS3 
3' UTR 



A>G 
U>C 
A>U 



E1114G 
S1632P 
n/a 



747 
4196 
6155 



prM 
NS2b 
NS3 



U>C 
U>C 
G> A 



1033a 



4907 
8730 
9977 



NS3 
NS5 
NS5 



A>U 
A>C 
G>A 



L1602F 
N2877H 
M3292I 



548 



prM 



C>U 



1 Viruses that contain mutation(s) resulting in an a.a. substitution in only a NS gene(s) and/or 
nucleotide substitutions in the UTRs are indicated; i.e. no a.a. substitutions are present in 
the structural proteins (C-prM-E). 

b Amino acid position in DEN4 polyprotein beginning with the methionine residue of the C 
protein (nt 102-104) as residue #1. Wild-type amino acid on left of amino acid position; 
mutant amino acid on right. 
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Table 4. Nucleotide and amino acid differences of the 5-FU mutant viruses which are ts in 
only HuH-7 cells. 

Mutations in UTR or coding region that result in an Mutations in coding region that do 
amino acid substitution not result in an amino acid 

Virus substitution 



Nucleotide Gene/ Nucleotide Amino acid Nucleotide Gene Nucleotide 





position 


region 


change 


change^ 


position 




change 


571 


586 


prM 


U>C 


V162A 


6413 


NS4A 


U>C 




7163 


NS4B 


A>U 


L2354F 










7947 


NS5 


G> A 


G2616R 








605 


1455 


E 


G>U 


V452F 


none 








7546 


NS4B 


OU 


A2482V 










SOS 


nr\A 


A>G 


K165R 


1175 


E 


G> A 




6259 


NS3 


U>C 


V2053A 


5174 


NS3 


A>G 




7546 


NS4B 


OU 


A2482V 








686 1 


3575 


NS2A 


G> A 


Ml 1581 


4604 


NS3 


A>G 




4062 


NS2A 


A>G 


T1321A 


7937 


NS5 


A>G 




7163 


NS4B 


A>U 


L2354F 








967 


2094 


E 


G>C 


A665P 


4616 


NS3 


C>U 




2416 


E 


U>C 


V772A 










7162 


NS4B 


u>c 


L2354S 










7881 


NS5 


G> A 


G2594S 








992' 


5695 


NS3 


A>G 


D1865G 


3542 


NS2A 


A>G 




7162 


NS4B 


U>C 


L2354S 








1175 4 


7153 


NS4B 


U>C 


V2351A 


6167 


NS3 


U>C 




10186 


NS5 


U>C 


I3362T 


10184 


NS5 


G> A 




10275 


3' UTR 


A>U 


n/a 









• Viruses that contain mutation(s) resulting in an &a. substitution in only a NS gene(s) and/or 



nucleotide substitutions in the UTRs are indicated; i.e. no a*a. substitutions are present in the 
structural proteins. 

b Amino acid position in DEN4 polyprotein beginning with the methionine residue of the C 
protein (nt 102-104) as residue #1. Wild-type amino acid on left of amino acid position; 
mutant amino acid on right. 
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TABLE 5. Mutations which are represented in multiple 5-FU mutant DEN4 viruses. 



Nucleotide 

position 


Gene/ 
region 


Nucleotide 
change 


Amino acid 
change 


Number of viruses 
with "sister" mutations 


1455 


E 


G>U 


val > phe 


2 


4995 


NS3 


U>C 


ser > pro 


8 


7162 


NS4B 


U>C 


leu > ser 


2 


7163 


NS4B 


A>UorC 


leu > phe 


3 


7546 


NS4B 


OU 


ala> val 


3 


10275 


3'UTR 


A>U 


n/a a 


2 



" not applicable 
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Table 8. Viruses with both ts and sp phenotypes are more restricted in replication in mouse 
brain than those with only a ts phenotype. 



Cell culture 


Number 


Mean log 10 reduction in virus titer 


phenotype 


of viruses 


fromcontrol b,c 


ts° 


20 


2.1 ±0.2 


sp 


6 


3.0 ±0.6 


ts 1 sp 


16 


3.5 ±0.3 



a 20 ts mutant viruses without an sp phenotype were previously described (Example 1). 

b Determined by comparing mean viral titers of groups of mice inoculated with mutant virus 

and concurrent 2A-13 parallel-passaged control virus. 

c Significant difference between ts group and ts /sp group, Tukey-Kramer test (P < 0.05) 
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Table 9. Nucleotide and amino acid differences of the 5-FU mutant DEN4 viruses which 
produce small plaques in both Vero and HuH-7 cells. 



Mutations in UTR or in coding regions that Mutations in coding regions 



Virus 


result in an amino acid substitution 


that do not result in an amino 










acid substitution 




Nucleotide 


Gene/ 


Nucleotide 


: Amino acid 


Nucleotide Gene Nucleotide 




position 


region 


change 


change 0 


position change 


569 


826 


prM 


OA 


R242K 


1946 E C>U 




832 


prM 


OU 


P244L 






7546 


NS4B 


ou 


A2482V 






10275 


3' UTR 


A>U 


n/a 






10279 


3' UTR 


A>U 


n/a 




574 


1455 


E 


G>U 


V452F 


1349 E C>U 




1963 


E 


U>C 


V621A 






3880 


NS2A 


A>G 


K1260R 






7546 


NS4B 


C>U 


A2482V 






7615 


NS5 


A>G 


N2505S 






10413 


3' UTR 


A>G 


n/a 




761 


424 


C 


U>C 


I108T 


none 




2280 


E 


U>C 


F727L 






7131 


NS4B 


A>G 


T2344A 






7486 


NS4B 


A>G 


N2462S 




1189a 


3303 


NS1 


A>G 


R1068G 


6719 NS4A U>C 




4812 


NS3 


G> A 


V1571I 






5097 


NS3 


G> A 


D1666N 






7182 


NS4B 


G> A 


G2361S 




1269 


2112 


E 


U>C 


F671L 


542 prM C>U 




3256 


NS1 


G> A 


G1052E 






3993 


NS2A 


U>C 


F1298L 






7183 


NS4B 


G>U 


G2361V 





* Virus contains missense mutations in only the non-structural genes. 
b Amino acid position in DEN4 polyprotein beginning with the methionine residue of the C 
protein (nt 102-104). 

Wild type amino acid on left of amino acid position; mutant amino acid on right. 
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Table 10. Nucleotide and amino acid differences of the 5-FU mutant DEN4 viruses which 
produce small plaques in only HuH-7 cells. 



Mutations in UTR or in coding regions that result Mutations in coding regions that 
in an amino acid substitution do not result in an amino acid 

Virus substitution 





Nucleotide 
position 


Gene/ 
region 


Nucleotide 
change 


Amino acid 
change" 


Nucleotide 
position 


Gene 


Nucleotic 
change 




1S1Q 




A>G 


N473S 


6761 


NS4A 


C>U 




2305 


E 


G> A 


R735K 


10070 


NS5 


U>C 




4896 


NS3 


G>U 


A1599S 








326 


1587 


E 


C>U 


P496S 


1523 


E 


G> A 




7546 


NS4B 


C>U 


A2482V 


6080 


NS3 


U>C 












10070 


NS5 


U>C 


506 


1455 


E 


G>U 


V452F 


3887 


NS2A 


A>G 




ion? 


p 


fi> A 

KJ ^ t\ 


V601M 

V SJ\J l IVX 


5789 


NS3 


G>C 




7546 


NS4B 


C>U 


A2482V 










10275 


3' UTR 


A>U 


n/a 








529 


777 


prM 


U>C 


S226P 


none 












A > O 


T1S14V 










7153 


NS4B 


u>c 


V2351A 










8245 


NS5 


u>c 


I2715T 










10279 


3' UTR 


A>C 


n/a 








738* 


3540 


NS2A 


G> A 


E1147K 


none 








71 (s) 




\J ^ 


L2354S 








922* 


4306 


NS2B 


A>G 


N1402S 


7736 


NS5 


G> A 




5872 


NS3 


C>U 


T1924I 










7163 


NS4B 


A>U 


L2354F 










10279 


3* UTR 


A>C 


n/a 








952 


1449 


E 


G>U 


V450L 


none 








1455 


E 


G>U 


V452F 










7546 


NS4B 


C>U 


A2482V 










7957 


NS5 


U>C 


V2619A 










9543 


NS5 


A>G 


13 148V 








1012 


1542 


E 


A>G 


K481E 


953 


E 


A>G 




7162 


NS4B 


U>C 


L2354S 


1205 


E 


G> A 




10542 


3' UTR 


A>G 


n/a 


4425 


NS2B 


U>C 


1021 


2314 


E. 


U>C 


I738T 


665 


prM 


OA 




3205 


NS1 


C>U 


A1035V 


5750 


NS3 


OU 




4029 


NS2A 


U>C 


C1310R 


9959 


NS5 


OU 




7163 


NS4B 


A>C 


L2354F 
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Mutations in UTR or in coding regions that result Mutations in coding regions that 
in an amino acid substitution do not result in an amino acid 

Virus substitution 



Nucleotide Gene/ Nucleotide Amino acid Nucleotide Gene Nucleotide 
position region change change** _ position change 





10275 
10279 


3'UTR 
3'UTR 


A>U 
A>U 


n/a 
n/a 










7182 


F 

NS4B 


G> A 
G> A 


G728R 
G2361S 


1001 
1958 
3873 
8486 


E 
E 

NS2a 
NS5 


C>U 
A>G 
U>C 
C>U 


1029 


850 

3087 

4891 


prM 
NS1 

NS3 


OU 
A>G 
U>C 


A250V 
T996A 
I1597T 


3867 


NS2a 


C>U 


108ia 


2650 
7163 


NS1 
NS4B 


A>G 
A>U 


N850S 
L2354F 


6326 
9146 


NS3 
NS5 


C>U 
C>U 


in ci a 
lUoJ a 


j /uz 
7153 
10634 


NS4B 
3'UTR 


U>C 

u>c 


V2351A 
n/a 


3353 
6155 


NS1 
NS3 


A>G 
G> A 


1096 


892 
7163 


prM 
NS4B 


G> A 
A>C 
\s ^ \j 


R264Q 
L2354F 
P2R53L 


665 
4427 


prM 
NS2b 


C>A 
G>A 


1104 


1692 
5779 
7546 


E 

NS3 
NS4B 


G>A 
C>U 

c>u 


V531M 

A1893V 

A2482V 


none 






1114 


709 

3693 

4614 

7546 

9942 


prM 

NS2A 

NS3 

NS4B 

NS5 


A>G 
A>G 
U>C 
OU 
A>G 


K203R 
11 198V 
F1505L 
A2482V 
T3281A 


1076 
1182 ■ 
5690 


E 
E 

NS3 


U>C 
C>U 
C>U 


1136* 


3771 
4891 
10275 


NS2A 

NS3 

3'UTR 


A>G 
U>C 
A>U 


R1224G 
I1597T 

n/a 


5621 


NS3 


A>G 



' Viruses that contain missense mutations in only the non-structural genes and/or mutations 
in the UTRs. 

b Amino acid position in DEN4 polyprotein beginning with the methionine residue of the C 
protein (nt 102-104). 

Wild type amino acid on left of amino acid position; mutant amino acid on right. 
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Table 11. Putative Vero cell adaptation mutations derived from the fall set of 5-FU mutant 



viruses. 



Nucleotide position 


Gene / region 
(a.a.#) b 




5-FU mutant viruses 


iNucieouae 
change 


Amino acid 
change 


No. of viruses with 
the mutation 


1455 


E(452) 


G>U 


Val>Phe 


5 


2280 


E (727) 


U>C 


Phe > Leu 


2 


. 4891 


NS3 (1597) 


U>C 


Ile>Thr 


2 


4995 


NS3 (1599) 


U>C 


Ser>Pro 


8 


7153 


NS4B (2351) 


U>C 


Val>Ala 


3. 


7162 


NS4B (2354) 


U>C 


Leu > Ser 


4 


7163 


NS4B (2354) 


A>UorC 


Leu > Phe 


1 


71 StO 






Gly > Ser 


2 


7546 


NS4B (2482) 


ou 


Ala>Val 


10 


7630 


NS5 (2510) 


A>G 


Lys> Arg 


1 


10275 


3'UTR 


A>U 


n/a* 


6 


10279 


3'UTR 


A>C 


n/a 


4 



* not applicable 

b Amino acid position in DEN4 polyprotein beginning with the methionine residue of the C 
protein (nt 1 02-1 04) as residue #1 . 
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Table 17. Growth of wt DEN-4 2A-13 in SCID mice transplanted with HuH-7 cells.' 



Virus titer 



Dose 
(logiorrU/niJj 


Mouse 
# 


logioPFU/ml serum 




log ioPFU/g tissue 






day 3 


day 5 


Brain 


Liver 


Tumor 


4 


87 


2.7 


5.9 


2.0 


6.9 


8.0 




DO 


2.0 


5.9 


J.O 


O.J 


ft ft 

O.v 




89 


<1.7 


6.2 






ft ft 




90 


1.7 


3.5 






7 ft 


5 


84 


<1.7 


7.2 


3.2 


4.0 


7.0 




85 


1.7 


6.6 


3.6 


6.3 


5.8 


6 


91 


4.4 


8.3 


6.0 


7.3 


8.0 




92 


4.2 


7.7 


3.3 


6.9 


7.3 




93 


4.0 


6.6 


3.3 


5.7 


8.4 




94 


4.3 


8.1 


5.8 


7.8 


7.5 



a SCID mice were injected i.p. with 10 7 HuH-7 human hepatoma cells. Approximately 8 
weeks later, groups of tumor-bearing SCID-HuH-7 mice were inoculated with virus directly 
into the tumor. Serum and tissues were collected on day 5, processed, and titered in Vero 
cells. 
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Table 19. The 5-FU mutations are compatible with the A30 mutation for replication in the 
brain of suckling mice. 



Virus 


No. of mice/ 
group 


Mean virus titer ±SE 
flog IO PFU/g brain) 4 


Mean log 10 -unit reduction 
from wt b 


rDEN4 


12 


6.0 ±0.1 




rDEN4A30 


12 


5.3 ± 0.1 


0.7 


rDEN4-2650 e 


12 


3,7 ± 0.2 


Z.J 


rDEN4A30-2650 


12 


3.9 ±0.1 


2.1 


rDEN4-4995 d 


6 


3.5 ± 0.2 


2J5 


rDEN4A30-4995 


6 


2.7 ±0.4 


3.3 


rDEN4-8092 a 


12 


A _l_ A 1 

2.0 ±0.1 


A A 


rDEN4A30-8092 


6 


3.2 ±0.2 


2.8 


rDEN4-10634 c 


12 


3.8 ±0.1 


2.2 


rDEN4A30-10634 


12 


3.6 ±0.1 


2.4 



ft Groups of 6 suckling mice were inoculated i.e. with 10 4 PFU of virus. Brains were removed 
5 days later, homogenized, and titered in Vero cells. 

b Comparison of mean virus titers of mice inoculated with mutant virus and rDEN4 control. 

c Mutation restricts growth in both mouse brain and HuH-7-SCED mice. 

d Mutation restricts growth in mouse brain only. The 8092 mutation has not been tested in 
SCE>-HuH7 mice. 
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Table 21. SCID-HuH-7 attenuation phenotypes of viruses bearing charge-cluster-to-alanine 
mutations in the NS5 gene of DEN4. 



Replication in SCID-HuH-7 mice b 



Mutation' 


AA changed 


11 


Mean peak virus 
titer ± bh 


1 g i . _ 

Mean log 
reaucuon 
from wt c 




fid 


21 


5.4 ±0.4 






flu 


4 


3.7 ± 0.6 


2.5 


?l-74 


KE 


19 


4.7 ± 0.5 


1.3 






6 


4.6 ± 0.6 


1.3 




XVXl 


12 

X mm 


3.7 ± 0.2 


2.6 




IVL» 


10 


63±07 


(-) 11 


396-39/ 




19 




1 2 

1 •mm, 


397-398 


EE 


6 


6.0 ±0.5 


(-)o.i 


436-437 


DK 


6 


3.6 ±0.2 


2.6 


500-501 


RE 


8 


5.1 ±0.4 


1.1 


523-524 


DK 


5 


5.3 ± 0.7 


0.6 


750-751 


RE 


8 


5.1 ±0.4 


1.1 


808-809 


ED 


8 


3.2 ±0.4 


3.0 


827-828 


DK 


5 


2.9 ±0.2 


1.6 


878-879 


EE 


5 


4.4 ±0.7 


1.5 



'Positions of the amino acid pair changed to a pair of alanines; numbering starts at the amino 
terminus of the NS5 protein. 

b Groups of SCID-HuH-7 mice were inoculated directly into the tumor with 10 4 PFU virus. 

Serum was collected on days 6 and 7 and titered in Vero cells. 

c Comparison of mean virus titers of mice inoculated with mutant virus and concurrent DEN4 
control. Bold denotes a >100-fold decrease in replication. A (-) sign indicates an increase 
in replication relative to wt. 



-Ill- 



Table 22. Combination of paired charge-cluster-to-alanine mutations into double-pair mutant 
viruses. 



Mutation Pair 1 


Mutation Pair 2 


Recovered 


23-24 


200-201 


Yes 


23-24 


356-357 


Yes 


23-24 


396-397 


Yes 


23-24 


523-524 


Yes 


23-24 


827-828 


No 


157-158 


200-201 


No 


157-158 


356-357 


No 


157-158 


396-397 


No 


157-158 


523-524 


Yes 


157-158 


827-828 


No 


827-828 


200-201 


No 


827-828 


356-357 


No 


827-828 


396-397 


Yes 


827-828 


523-524 


No 
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Table 24. SCDD-HuH-7 attenuation phenotypes of double charge-cluster-to-alanine mutants 
of the NS5 gene of rDEN4. 



Replication in SCID-HuH-7 mice" 



iviuiduon 


AAPair 


n 


Mean peak virus 
titer ±SE 
(log I0 PFU/ml serum) 


Mean log 
reduction 
from wr 


YVl 


n/u 




5 4±04 




A50 


n/a 


4 


3.7 ±0.6 


2.5 


23-24 


KE 


19 


4.7 ±0.5 


1.3 


200-201 


KH 


12 


3.7 ± 0.2 


2.6 


Zj-Z4, ZUU-ZUi 


\C P V vt 
Jv jc, Jv n 




3 4±0 1 


2 9 


23-24 


KE 


19 


4.7 ±0.5 


1.3 


356-357 


KE 


10 


6.3 ±0.7 


(+)1.1 


*)A. «/C io 


Jv li, Jv n, 


A 
*r 


J.U 3C U.J 




23-24 


KE 


19 


4.7 ±0.5 


1.3 


396-397 


RE 


12 


4.4 ±1.3 


1.2 


*>1 Oil. 1Q< 1QT 


V T7 1> 17 


in 


J.f X U.J 




157-158 


EE 


6 


4.6 ±0.6 


1.3 


396-397 


RE 


12 


4.4 ±1.3 


1.2 


157-158; 396-397 


EE, RE 


6 


2.2 ± 0.2 


3.6 


157-158 


EE 


6 


4.6 ±0.6 


1.3 


523-524 


DK 


5 


5.3 ±0.7 


0.6 


157-158; 523-524 


EE, DK 


3 


5.1 ± 0.6 


0.8 


396-397 


RE 


12 


4.4 ±1.3 


1.2 


827-828 


DK 


5 


2.9 ±0.2 


1.6 


396-397;827-828 


RE, DK 


4 


4.1 ±0.7 


0.4 



8 Positions of the amino acid pair mutated to an alanine pair; numbering starts at the amino 
terminus of the NS5 protein. 



b Groups of SCID-HuH-7 mice were inoculated directly into the tumor with 10 4 PFU of virus. 
Serum was collected on days 6 and 7 and titered in Vero cells. 

c Comparison of mean virus titers of mice inoculated with mutant virus and concurrent 
DEN4 control. Bold denotes a > 100-fold decrease in replication. A (+) sign indicates an 
increase in replication relative to wt 



-115- 



1 

Q 
% 
o 

8 

s 
i 

i - 

Q 
o 

CO 

1 

s 

0) 

o 

s 

G 

f 

l 



CO 

I 

•f s 

•I -2 

00 3 

a 

as 
cn 



§ 



1 - 

2 ^ 
« © 

1 1 

I S 

S 8 

3 8 
3 p 

H > 



3 

X 

I 

a 

O o 

I 1 

'•S 

o 

I 



8 

3 
O 

E 

Is 

§ 

"g 

o 

H 



o §1 
Cob 

8-g I 



W5 

5 

> w 

si 



J 

Of) o» 

o 



S 2* 



00 

1 g> 
o 



CN 



CN 



5f vo 

d d 

-H -H 

«r> en 



d 



go 



cn 



CO 



Q 



CN O 



00 

\6 vd 



OO 



O O 

OO IS) 

VO VO 

co vq 
vo 



OO 

d 



00 

d 

-H 

in 



o d 

o /-\ 



O CN 

m — • 

d d 

■H -H 

CN CN 

no 



vo vo 



« ♦ # 

vo m ^ 

r-" 



vo 



VO 



*n vo 



CN CO 

d d 



m o 
vo K 



m p 
SO K 



- - 3 



< 0\ 

<* «r 

S T 3 

W U) 

9 e 



CO 
T3 

1 
1 



« 



2 

I 



<l> 
> 

- w+ 

CO 
CO 



8. 



i 
I 

o 
a 

U 

o 

fO 

"8 * 
3 =2 

2 Id 

<4-l g 

0 oo 

•2 w 

1 « 

.2 ^ 

1 1 



53 



CO 

S 

> 

I 
2 

S3 

c 

•g 



3 

8 
.S 

o 
m 

C$ 



2 

•5 



00 

o 



i 

o CO 

* > 

» e 

O .3 

2 

.si 

g g 

.a 

O g 
co 00 

§•§ 
2 I 



Is 1 



•g o a 

fa O co 



i 

NO 



Table 26. The 5-fluorouracil 5-1A1 small plaque mutant demonstrates a restriction of 



midgut infection following oral infection of Aedes aegytpi mosquitoes. 





Dose 


No. 








Virus 


ingested 


mosquitoes 


Midgut-only 


Disseminated 


Total no. 


tested 


(log 10 PFU) 

a 


tested 


infection k 


infection 1 


infected 


wtDEN4 


4.5 


19 


1 (5%) 


17 (89%) 


18(95%) 


(2A-13) 


3.5 


26 


9 (35%) 


7 (27%) 


16(62%) 




2.5 


28 


1 (4%) 


0 


1 (4%) 










01050 = 3.9 


010,0 = 33 


5-1A1 


3.5 


34 


4 (12%) 


2 (6%) 


6(18%) 




2.5 


9 


0 


1(11%) 


1(11%) 




1.5 


23 


0 


0 


0 












OIDso>3.9 



1 Amount of virus ingested, assuming a 2 jil bloodmeal. 



b Number (percentage) of mosquitoes with detectable dengue virus antigen in midgut tissue, 
but no detectable dengue virus antigen in head; mosquitoes were assayed 21 days post-feed, 
and dengue virus antigen was identified by IFA. 

c Number (percentage) of mosquitoes with detectable dengue virus antigen in both midgut 
and head tissue. 

d Total number (percentage) of mosquitoes with detectable dengue virus antigen. 

e The proportion of total infections caused by wild type DEN4 was significantly higher than 
the proportion caused by 5-1 Al (logistic regression, N = 426, P < 0.0001). There were too 
few disseminated infection caused by 5-1 A 1 to permit statistical analysis. 
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Table 27. The 5-fluorouracil 5-1A1 small plaque mutant demonstrates a restriction of 



infection following intrathoracic inoculation of Toxorhynchites splendens mosquitoes. 





Dose 


No. 




Virus 


ingested 


mosquitoes 




tested 


(log 10 PFU)' 


tested 


No (%) infected 1 


wtDEN4 


4.0 


5 


5 (100) 


(2A-13) 


3.0 


4 


4 (100) 




2.0 


4 


1(25) 








Mn)5o= 2.3 log lo PFU 


5-1A1 


3.0 


9 


0 




2.0 


7 


1(14) 




1.0 


7 


0 








MTOjo >3.01og 10 PFU 



* Amount of virus inoculated in a 0.22 |xl inoculum. 



b Number (percentage) of mosquitoes with detectable dengue virus antigen in head tissue; 
mosquitoes were assayed 14 days post-inoculation, and dengue virus antigen was identified 
bylFA. 

c The proportion of infections caused by wild type DEN4 was significantly higher than the 
proportion caused by 5-1 Al (logistic regression, N = 36, P < 0.01). 
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Table 29. Virus titer and plaque size of 3' UTR mutant viruses in Vero and C6/36 cells. 



Vera C6/36 



Virus 


Titer (log, 0 
PFU/ml) 


Plaque size 1 


Titer (l°Sio 
PFU/ml) 


r laque size 


rDEN4A10508-10530 


8.1 


wt 


7.5 


wt 


rDEN4swapl0508-10530 


5.4 


sp 


6.6 


wt 


rDEN4A10535-10544 


5.8 


wt 


7.0 


sp 


rDEN4swapl0535-10544 


7.0 


wt 


7.3 


wt 


rDEN4Al0541-10544 


6.4 


wt 


>7.0 


wt 



1 Plaque size is designated as equivalent to wild type (wt) or <50% of wild type (sp) on the 
designated cell type. 



Table 30. Infectivity of wt DEN4 and 3* UTR mutants for Toxorhynchites splendens via 



intrathoracic inoculation. 



Virus 


Dose 
(log 10 PFU)» 


No. mosquitoes 
tested 


% Infected* 


MIDjo 
(log l0 PFU) 


rDEN4 wt ■ 


3.3 


6 


83 


2.3 




2.3 


7 


57 






1.3 


6 


0 






0.3 


6 


0 




rDEN4A10508-10530 


4.4 


8 


0 






3.4 


9 


11 






2.4 


4 


0 





8 Amount of virus inoculated in a 0.22 fil inoculum. 



Percentage of mosquitoes with detectable dengue virus antigen in head tissue; mosquitoes 
were assayed 14 days post-inoculation, and dengue virus antigen was identified by IF A 
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Table 31. Infectivity of 3* UTR swap mutant viruses for Aedes aegypti fed on an infectious 



bloodmeal. 





Dose 


No. 








ingested 


Mosquitoes 


Total No. 


Disseminated 


Virus Tested 


(log I0 PFU) 


Tested 


Infected"' c 


Infections^ 


rDEN4 


3.8 


18 


11 (61%) 


4(22%) 




2.8 


15 


5 (33%) 


1 (6%) 




1.8 


15 


0 


0 








OIDjo = 3.4 


OIDjo = >4.2 


rDEN4swap 


3.8 


25 


5 (20%) 


2 (8%) 


10535-10544 


2.8 


25 


0 


0 




1.8 


20 


0 


0 








OIDso = > 4.2 





1 Amount of virus ingested, assuming a 2 fxl bloodmeal. 



b Number (%) of mosquitoes with detectable dengue virus antigen in the midgut tissue; 
mosquitoes were assayed either 14 d post-feed and dengue virus antigen was identified by 
IF A. 

c At a dose of 3.8 log l0 PFU, rDEN4swapl0535-10544 infected significantly fewer 
mosquitoes at the midgut than wt rDEN4 (Fisher's exact test, N = 43, P< 0.01), although 
disseminated infections were not significantly different (Fisher's exact test, N = 43, 
P=0.38). 

d Number (%) of mosquitoes with detectable dengue virus antigen in the head tissue. 
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Table 33. Sequence analysis of rDEN2/4A30 clone 27(p4)-2-2A2. 



Nucleotide 


Gene 




Mutation 


Nucleotide 


Amino acid 


743 


M anchor 


G> A 


Gly > Glu 


1493 


E 


C>U 


Ser>Phe 


7544* 


NS4B 


OU 


Ala>Val 



* Same as DEN4 nucleotide position 7546 



Table 34. Sequence analysis of rDEN2/4A30 clone 27(p3)-2-lAl. 



Nucleotide 


Gene 




Mutation 


Nucleotide 


Amino acid 


1345 


E 


U>C 


Tyr>His 


4885* 


NS3 


G> A 


Glu > Lys 


8297 


NS5 


G>A 


Arg > Lys 



*Codon adjacent to 5-FU mutation 4891 
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Tabic 35. Recombinant virus rDEN2/4A30 bearing Vero adaptation mutations can be 



recovery and titered on Vero cells. 





Virus titer in indicated 






cell line' 




Virus titer following 




(log 10 PFU/ml) 


recovery in Vero cells 


Virus 


C6/36 


Vero 


(log 10 PFU/ml) 


rDEN2/4A30 wt 


5.2 


1.7 


<0.7 


rDEN2/4A30-7153 


5.4 


5.2 


<0.7 


rDEN2/4A30-7162 


5.4 


5.3 


nd 1 


rDEN2/4A30-7182 


4.7 


4.9 


2.3 


rDEN2/4A30-7630 


5.3 


4.8 


1.3 


rDEN2/4A30-71 53-7163 


5.1 


4.7 


nd 


rDEN2/4A30-7153-7182 


4.1 


3.2 


nd 


rDEN2/4A30-7546-7630 


5.2 


5.2 


nd 



1 Virus recovered following transfection of C6/36 mosquito cells was terminally diluted once 
in C6/36 cells and titered simultaneously in C6/36 cells and Vero cells. 



2 not determined 



Table 36. Putative Vero cell adaptation mutations of dengue type 4 virus and the 
corresponding wildtype amino acid residue in other dengue viruses. 

Amino acid in indicated wt dengue virus b 



Mutation 


position" 


residue 


DEN4 


DEN1 


DEN2 


DEN3 


1455 


452 


F 


V 


I 


A 


A 


2280 


727 


L 


F° 


F 


F 


F 


4891 


1597 


T 


I 


V 


I 


I 


4995 


1632 


P 


S 


s 


S 


N 


7129 


2343 


L 


P 


P 


P 


P 


7153 


2351 


A 


V 


F 


F 


L 


7162 


2354 


S 


L 


V 


V 


V 


7163 


2354 


F 


L 


V 


V 


V 


7182 


2361 


S 


G 


G 


G 


G 


7546 


2482 


V 


A 


L 


T 


V 


7630 


2510 


K 


K 


S 


S 


K 



* Amino acid position is given for the polyprotein of DEN4 

b DEN4 = rDEN4 (GenBank AF326825); DEN1 = Western pacific (GenBank DVU88535); 
DEN2 = New Guinea C (GenBank AF038403); DEN3 = H87 (GenBank M93130) 

0 Underlined nucleotides are shared between DEN4 and one or more additional DEN types. 
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Table 37. Mutations known to attenuate dengue type 4 virus and the corresponding wildtype 
amino acid residue in other dengue vims. 



Mutation 


Amino acid 
position" 


Mutant 
residue 


Amino acid in indicated wt dengue virus b 


DEN4 


DEN1 


DEN2 


DEN3 


2650 


850 


S 


N a 


N 


N 


N 


3442 


1114 


G 


E 


E 


E 


E 


3540 


1147 


K 


E 


E 


E 


E 


3575 


1158 


I 


M 


L 


A 


M 


3771 


1224 


G 


R 


R 


K 


R 


4062 


1321 


A 


I 


L 


A 


I 


4306 


1402 


s 


N 


E 


D 


D 


4891 


1597 


T 


I 


V 


I 


I 


4896 


1 CAA 

1599 


c 
S 


A 


A 


A 


A 


A GAT 


lout 


r 


L 


L 


L 


L 


4995 


1632 


p 


S 


S 


S 


N 


5097 


1666 


N 


LJ 


U 


U 


U 




1 fi£5 


r* 

Vj 


D 


D 


D 


D 


6259 


2053 


A 

A 


V 


V 


V 


V 


7129 c 


2343 


L 


p 


P 


P 


P 


"TO Af\ 

7849 


2583 


1 


N 


K 


N 


K 


8092 


Z0O4 


d 
\J 


E 


Q 


Q 


Q 


10186 


3362 


T 


I 


I 


I 


I 


10634 


3 UTR 


™ 


- 




• 


— 


22, 23 


«rAA if i A 

2509, 2510 


A A 

AA 


RK 


KS 


KS 


RK 


23, 24 


OC1A OC1 1 

2MU, /Ml 


A A 

AA 


KE 


or 

SE 


or 


VP 


13/, Oo 




/v/v 


PP 


PP 


PA 


FF 


on a 7ni 
zuu, ZUl 


ZOO/, Z.OOO 


AA 


J\Jl 


ISJT 


ICY 
Iv I 


ivn 


356 357 


2843 2844 


AA 




KF 


KE 


KE 


387 388 


2874, 2875 


AA 


KK 


RN 


KK 


RN 


436, 437 


2923, 2924 


AA 


DK 


HR 


DK 


DK 


524,525 


3011,3012 


AA 


KK 


KI 


KK 


KI 


525, 526 


3012, 3013 


AA 


KD 


IP 


KE 


IP 


642,643 


3129,3130 


AA 




ER 


IA 


KK 


654,655 


3141,3142 


AA 


DR 


ER 


ER 


ER 


808, 809 


3295, 3296 


AA 


ED 


ED 


ED 


ED 


827, 828 


3314, 3315 


AA 


DK 


DK 


DK 


DK 


877, 878 


3364, 3365 


AA 


KE 


NE 


NE 


NE 


878, 879 


3365, 3366 


AA 


EE 


EN 


EE 


EE 



■1 

1 



o 

i 

1 

i 

2 

5 

J 

00 



U 



4 Amino acid position is given for the polyprotein of DEN4 

b DEN4 = rDEN4 (GenBank AF326825); DEN1 = Western pacific (GenBank U88535); 
DEN2 = New Guinea C (GenBank AF038403); DEN3 - H87 (GenBank M93130) 
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c This mutation results in decreased replication of DEN4 in mosquitoes. 

d Underlined nucleotides are shared between DEN4 and one or more additional DEN types. 
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